In this study, a new endophyte species within the genus Deniquelata (Didymosphaeriaceae) was isolated from the branches of Persian oak trees (Quercus brantii) in Zagros forests, Iran. The maximum parsimony and Bayesian analyses of 18S, 28S and ITS, rDNA sequence data revealed that the isolates were distinct from other species of the Deniquelata. Based on molecular phylogenetic and morphological characteristics, this fungus was demonstrated to be a new species, Deniquelata quercina. Detailed descriptions and illustrations were provided for D. quercina and it was compared with other known species in the genus.
Introduction
Dothideomycetes is the largest and most diverse classes of Ascomycota, and includes the majority of fungal species ). This class is characterized mainly by bitunicate and often by fissitunicate asci (Schoch et al. 2009 , Zhang et al. 2012 . The Pleosporales is known as the largest order in Dothideomycetes (Kirk et al. 2008) which includes a wide range of fungi, including endophytes or epiphytes (Huang et al. 2008 , Sánchez Márquez et al. 2008 , Tao et al. 2008 , parasites (Wetzel et al. 1999 , Solomon et al. 2006 , lichenicolous (Calatayud et al. 2001) and saprophytes (Ramesh 2003 , Kruys et al. 2006 . Barr (2001) introduced the family Montagnulaceae in the order Pleosporales with three genera viz. Kalmusia Niessl, Montagnula Berl., and Didymosphaerella Cooke, based on ascomata immersed under a clypeus, a pseudoparenchymatous peridium of small cells, cylindric or oblong, fissitunicate, pedicellate asci and multi-septate ascospores. The subsequent studies showed that the genera Bimuria D. Hawksw et al., Didymocrea Kowalski, Kalmusia Niessl, Karstenula Speg., Montagnula Berl., and Paraphaeosphaeria O.E. Erikss., also some species of Phaeosphaeria, Paraconiothyrium Verkley, and Letendraea Sacc., are clustered in this family (Schoch et al. 2009 , Zhang et al. 2012 . Furthermore, the genus Deniquelata Ariyawansa & K.D. Hyde was established by as a new genus in this family and is typified by D. barringtoniae Ariyawansa & K.D. Hyde. Ariyawansa et al. (2014b) also introduced Didymosphaeria rubi-ulmifolii as a new species of Didymosphaeria (Didymosphaeriaceae) based on morphological comparisons to the generic type, D. futilis (Berk. & Broome) Rehm. The phylogenetic studies on this species showed that D. rubi-ulmifolii is clustered in the family Montagnulaceae as a separate genus. Thus, the Montagnulaceae is synonymized under Didymosphaeriaceae by giving the priority to the oldest name. Therefore, Deniquelata presently placed under Didymosphaeriaceae (Ariyawansa et al. 2014b) .
The genus Deniquelata is characterized by ascomata that are immersed, globose to sub-globose, dark brown to black, asci bitunicate, clavate to broadly-clavate with a short furcate pedicel. Ascospores are oblong to narrowly oblong, reddish brown to dark yellowish brown, muriform with three transverse septa and 1-2 vertical septa, verruculose and lacking a sheath . This genus currently includes two species, D. barringtoniae and D. vittalii Devadatha, V.V Sarma, E.B.G Jones , Devadatha et al. 2018 . Deniquelata barringtoniae is a pathogenic species causing necrosis on living leaves of Barringtonia asiatica and D. vittalii has been recorded on decaying woody stem of the Suaeda monoica (Devadatha et al. 2018) .
In this study we introduce a new species in the genus Deniquelata based on both morphology and phylogeny. It was found as an endophyte species on Persian oak trees (Quercus brantii) in Zagros forest zone, Iran. Zagros forests are one of the most important and sensitive ecosystems in the western part of Iran and the main tree species in these forests is Persian oak (Jazirehi & Ebrahimi Rostaghi 2013 , Ahmadi et al. 2014 . 
Materials and Methods
Collection, isolation and morphological studies Sampling was done from stems and branches of healthy Persian oak trees in Ilam Province, Tangeh Dalab and Chaqa Sabz regions during the summer in 2014. Several symptomatic samples were placed in separate paper bags and transferred to the Lab. The samples were washed under running tap water in order to remove dusts or other surface contaminations, and subjected to air to be dried at room temperature for 2−3 h. In order to eliminate epiphytic contaminations, woody samples were disinfested by the ethanol 70% for 30 seconds and by the 1% sodium hypochlorite for 1 min, and rinsed twice by sterile water. The samples were further cut into small segments (about 5 × 5 mm) at sterile conditions and placed in Petridishes containing 2% water agar (2%WA) and potato dextrose agar (PDA). Petridishes were kept in continuous dark conditions at 25 °C for 2 to 4 weeks. When fungus grew out from the tissue segment, the fungal pure cultures were obtained by the hyphal tip method. The purified isolates were stored on PDA slants at 4 ̊ C for future studies.
FIGURE 1. Phylogram generated from maximum parsimony analysis based on combined 18S, 28S and ITS rDNA sequence data.
Bootstrap support values for maximum parsimony higher than 70% and the values of Bayesian posterior probabilities equal to or greater than 0.90 are given above each branch (MP/PP). The new record is in purple color.
The species morphological identifications were conducted on different culture media, including potato dextrose agar (PDA), oat meal agar (OA) and malt extract agar (MEA). Micro measurements and micrographs were performed by using lactophenol and lactophenol-cotton blue slide mounts by Nikon (E600) light microscope. DNA extraction, PCR amplification and sequencing Total genomic DNA was extracted according to the protocol, described previously by Zhong & Steffenson (2001) . The PCR amplifications were performed using the primer pairs NS1/NS4 for SSU, ITS1/ITS4 for ITS-rDNA (White et al. 1990) , and LROR/LR5 for LSU (Rehner & Samuels 1995) . The PCR amplification was performed in a 25 μL reaction volume containing 17.85 μl of deionized water, 2.5 μl of PCR buffer 10X (Sinagene, Iran), 1.5 mM of MgCl 2 , 0.2 mM of dNTPs, 0.75 U of Taq DNA polymerase (Sinagene, Iran), 0.2 pmol of each primer and 10-30 ng/μl of DNA template. Conditions of amplification for all regions were consisted an initial denaturation for 4 min at 94 ˚C, followed by 35 cycles denaturation for 50 s at 94 ˚C, annealing for 50 s at 57 ˚C and elongation for 50 s at 72 ˚C, with a final elongation step for 10 min at 72 ˚C. The PCR products were visualized on a 1% of agarose gel to validate the presence and size of amplicons. Purification and sequencing of PCR products were done by Macrogen Company, South Korea. Nucleotide sequences were deposited to GenBank (Table 1) .
Alignment and phylogenetic analysis New sequences generated in this study were edited using the BioEdit version 7.0.5.3 (Hall 1999) . Reference sequences were obtained from the GenBank based on the BLAST search similarity resulted from 18S, 28S and ITS regions and according to the review of published literature , 2014a , b, Devadatha et al. 2018 . All sequences used in this study are listed in Table 1 . Multiple sequence alignments were generated using the MAFFT version 7 web tool (https://mafft.cbrc.jp/alignment/server/) (Katoh & Standley 2013) , and alignments were improved manually using BioEdit, where necessary. Phylogenetic estimates were evaluated using the maximum parsimony analyses (MP) in PAUP version 4.0b10 software (Swofford 2003) . Ambiguously aligned regions were excluded and gaps were treated as missing data. The trees were inferred using the heuristic search option by TBR branch swapping and 1000 random sequence additions. (Huelsenbeck & Ronquist 2001) . Six simultaneous Markov chains were run for 1,000,000 generations and trees were sampled in every 100 generations. Bayesian posterior probabilities (BYPP) which were equal or greater than 0.90 were given below or above of each node.
Results and Discussions

Phylogenetic analyses
The alignment length of 18S, 28S and ITS rDNA combined dataset for 28 strains consisted of 2249 characters, of which 1799 characters were constant, 108 were parsimony-uninformative and 342 were parsimony-informative. The parsimony analysis of the data matrix was resulted in six equally parsimonious trees with a tree length of 882 steps, CI= 0.673, RI=0.776, RC= 0.523, HI= 0.327 values. The first parsimonious tree was selected and is shown in Fig. 1 . The Bayesian posterior probability analyses was resulted in a tree with the same topology as the MP trees (data not shown). The newly obtained two isolates of Deniquelata quercina clustered with the two other Deniquelata species and formed a monotypic clade, which can be identified as the genus of Deniquelata, and represents the family of Didymosphaeriaceae (Fig. 1) . Additionally, D. quercina strains form a single lineage separating from other taxa in Deniquelata with high bootstrap support (100%MP, 1.00 BYPP) (Fig. 1) .
Taxonomy
Deniquelata quercina A. Alidadi, M. Javan-Nikkhah & M. Kowsari, sp. nov. (Fig. 2) MycoBank number MB 826956
Etymology:-the epithet was named based on the host genus from which the fungus was isolated. Description:-Ascomata on OA after 25−35 days under 12/12 nUV/light at 25°C, solitary, globose to sub-globose, dark brown, covered with mycelial hairs, with a central, circular, papillate, depressed and wide opening ostiole with visible pore, exudate black spore matrix at maturity and 120−300 × 150−325 μm ( x = 270 × 285 μm, n = 20); hamathecium embedded in a gelatinous matrix, dense, hyaline, septate and 1−2 μm in diameter. Peridium composed of several layers (more than 10 layer) and two types of cells, 20−50 μm in diameter laterally, up to 70 μm thick at the apex; outer layer composed of brown to black thick-walled cells of textura angularis, inner layer composed of hyaline thin-walled cells of textura angularis. Asci 85−155 × 13−18 μm ( x =112.23 × 15.66 μm, n = 20), 8-spored, bitunicate with a 2−3 × 3−5 μm ocular chamber, fissitunicate, rounded at apex, cylindrical to cylindro-clavate, with long and broad furcate pedicel 17−48 μm ( x = 22.13, n = 20). Ascospores 9−11 × 18−21 μm ( x = 10.16 × 19.7 μm, n=20), oblong, ellipsoid, ovoid to fusoid, straight or slightly inequilateral, hyaline at first, yellow to yellowish brown when immature, becoming reddish-brown to black at maturity, with 3 transe septa (rarely 4) and 1−3 longitudinal septa, constricted at the septa, usually with the wide second cell, apical cell mostly aseptate (rarely with 1 longitudinal septum), uniseriate or overlapping biseriate in the middle to the top part of ascus and without mucilaginous sheath.
Cultural characteristics: Ascospores germinated on WA during 12 h and germ tubes produced from each cell (Fig. 2P) . Colonies on MEA effuse, velvety, white to yellowish white, reaching to 54 mm diameter after 10 days at 25 °C ( Fig. 2A) . Colonies on OA reaching to 20 mm diameter after 10 days, brown in the center and white at the edge ( Fig  2B) . Colonies on PDA reached to 52 mm diameter after 10 days. 
Discussion
In this study, we isolated and identified a new species D. quercina based on morphological and molecular methodologies. BLASTn search with the 18S, 28S and ITS rDNA sequences of the ex-type strain (ABRIICC 10068) showed high similarities to D. barringtoniae strain MFLUCC 110422 [(ITS: Identities = 632/657 (96%), gaps= 8/657(1%)), (28S: Identities = 672/683 (98%), gaps = 1/683(0%)) and (18S: Identities = 686/688 (99%), gaps = 1/688(0%))]. In the phylogenetic tree, the new species D. quercina is well-placed in Deniquelata and separated from other known species. Deniquelata quercina can easily distinguished from two other species in the genus, in terms of different shape and dimensions of ascomata, asci and ascospores (Table 2 ). In D. barringtoniae, ascomata are globose to sub-globose, smooth, without an ostiole, and smaller than (150-180 × 164-189) those of D. quercina (120−300 × 150−325 μm) and D. vittalii (95-360 × 75-350 μm) . In D. quercina, ascomata are globose to sub-globose, solitary, covered with mycelial hairs, with a central, circular, papillate and wide opening ostiole and are formed on OA medium while in D. vittalii are globose to sub-globose, obpyriform, with a papillate to depressed ostiole and are scattered in the host tissues. However, peridium of D. quercina composed of several layers (more than 10) with 20-70 μm thick compared to D. vittalii with 3-5 layers of 10-55 μm thick and D. barringtoniae with 3-5 layers of 7-9 μm thick. Asci and pedicels of D. quercina (85-155 × 13-18 μm, 17-48 μm) are larger than those of D. vittalii (75-135 × 10-19 μm, 7-15 μm) and D. barringtoniae (68−80 × 10−15 μm, 9−17 μm) (Table 2) . Moreover, ascospores of D. barringtoniae (14−16 × 5−7 μm) are shorter than that of D. quercina (18−21 × 9−11 μm) and D. vittalii (17.5-25 × 7.5-13.5 μm) , 2014b , Devadatha et al. 2018 . Furthermore, D. vittalii is distinct in terms of its ellipsoidal to broadly oblong brown ascospores with 3-6 transverse septa and deeply constricted in the middle septum (Devadatha et al. 2018) whereas D. quercina has oblong, ellipsoid, ovoid to fusoid ascospores with widest second cell, 3 transverse septa and constricted at all septa.
Additionally, the species could be compared based on their lifestyle. Deniquelata quercina is distinguished from D. barringtoniae and D. vittalii regarding differences in type of substrate-dependent. Deniquelata barringtoniae is a pathogenic species causing necrosis on living leaves while D. vittalii is a saprobic fungus on decaying woody , Devadatha et al. 2018 , while D. quercina is associated with branches of Persian oak trees as an endophyte species.
Additionally, D. barringtoniae and D. quercina have been isolated from substrates in terrestrial circumstances, while D. vittalii has been related to marine environments, suggesting the diverse ecological and unlimited geographical distribution of the genus around the world (Devadatha et al. 2018) .
